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North American Nanoheriz «+* > NANOGrav

Physics Frontiers Center
ObSGI’VﬂtOI‘y for GWs http://nanograv.org/

Our mission is to detect nHz frequency gravitational waves from super-massive black hole binaries.
We are over 100 students and scientists and welcome new collaborators and members.
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But not just NANOGrav...

Parkes Pulsar
Timing Array

European Pulsar
Timing Array
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« The Gravitational Wave Spectrum

Physics Frontiers Center
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Both Arecibo and the GBT are Crucial

‘\\ =49 Each telescope provides ~50% of our GW sensitivity

- Arecibo has 4-5x sensitivity
- GBT has 3x sky coverage

AO GB VLA
12.5—Year Data Set ¥ )
More Recent Additions % O A




Loss of Arecibo

Aug: Support cable failure damaged dish
% Dec: Catastrophic collapse :

NANOGrav

Physics Frontiers Center

evastatlng Ioss for NANOGrav science, and Puerto Rico




- Arecibo’s Pulsar Legac

Physics Frontiers Center

1968 Crab spin period (Lovelace et al)

1970 pulsar nulling (Backer)

1974 1% binary pulsar (Hulse & Taylor)

1982 1 millisecond pulsar (Backer et al)

1989 indirect GWs from B1913+16 (Taylor & Weisberg)

1990 1% eclipsing MSP (aka black-widow; Fruchter et al)
1992 pulsar planets (1% exoplanets!; Wolszczan & Frail)

1994 microsec long-term timing (Kaspi, Ryba, & Taylor)

o= 2008 an MSP in an eccentric orbit (Champion et al)
/ 2014 1% non-Parkes FRB (Spitler et al)

2016 1 FRB repeater (Spitler et al)
2018 SEP test with triple system (Archibald et al)

NSERC
Q CRSNG ... and much much more (plus non-pulsar science!)




= NANOGrav Observing Program

Physics Frontiers Center

Arecibo Observatory

* Main program: 39 pulsars / dual receiver / every three weeks (began 2004)
* High cadence program: 5 pulsars / dual receiver / every week (began 2015)

Green Bank Telescope
* Main program: 39 pulsars / dual receiver / every month (began 2004)
* High cadence program: 2 pulsars / single receiver /every week (began 2014)

Very Large Array

* Experimental program: 7 pulsars / single or dual receiver
* Sensitive 2-4 GHz system expands frequency coverage

* Can see slightly further south than GBT (1 pulsar)

CHIME (with CHIME/Pulsar collaboration)

* 400 to 800 MHz

+ All NANOGrav pulsars at 6§ = —20° observed daily (!)
* Dwell time ~5 min/cos(6) (began late 2018)

+ Still in engineering phase; challenging to calibrate

Slide by David Nice
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NANOGrav 11 Year GW Bkgd Results
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Arzoumanian et al., 2018, ApJ, 859, 47




— - NANOGrav 12.5-year Data Set Sensitivity Curve
107> =

Physics Frontiers Center
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- 12.5 Year Bkgd Results

Seeing significant low-freq noise in the data....

Broken PL
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E 12.5 Year Bkgd Results

Physics Frontiers Center

Strong evidence for uncorrelated common red noise process...
(Bayes factors of ~30,000:1 in favor for fixed SS Ephem)
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Physics Frontiers Center

12.5 Year Bkgd Results

No good evidence of the required spatial correlations yet...

But the data are improving rapidly,
and there are ~2+ more years of data in the bank!

12.5-year Data Set
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Injected Amplitude

Predictions for Future
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Fig courtesy of Nihan Pol (arXiv:2010.11950)
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Gravitational wave sensitivity is :

proportional to the number of MSPs!
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See Siemens et al 2013 (CQG)
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Predictions for Future

Predictions for
future MSPs, using
AO, GBT, and
DSA-2000
telescopes

~200 MSPs
timeable at ~1ps

Fig courtesy of
Tyler Coher and
Paul Demorest

Best 200 MSPs with Future Telescopes (No NANOGrav)

o  Arecibo UWEBR (0.7-4 GHz)
DSA2ZK (0.7-2 GHz)
# GBT UWBR (0.7-4 GHz)
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Predictions for Future

Should detect one or more individual

Individual SMBHBSs by the end of the decade
SMBHB 1000 10
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Fig courtesy of Andrew Kaiser
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- Wideband Receiver for GBT

Physics Frontiers Center

* Need multi-frequencies for ISM removal
— Current systems have <800 MHz BW

- Ultra-wideband system would give 2x
better timing, fewer systematics, and
more protection from scintillation

2200

e Building a 0.7-4 GHz receiver for GBT,
funded by Moore Foundation
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Summary

NANOGrav is doing great and we are optimistic

Arecibo loss is terrible. Will slow, not stop progress.
- In long term, we need a replacement (e.g. DSA-2000)

We have 15+ years of data in hand
Our work with IPTA will make things even better

Data are intriguing and we expect a detection within the
next couple years

In the meantime, tons of other science (e.g. Cromartie et

al. 2019 massive NS)
NANOGrav

Physics Frontiers Center
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